M Gotn 120 o //é((/ﬁ/ }Z’%g . Q/
. s w //////f’ Clloz

- S R
\ﬁ%//&%cgw Z8

INFORMAL REPORT MGGU9 005004

SUBMARINE SEDIMENT INVESTIGATION
IN THE VICINITY OF THE
PLANNED SEALAB [II HABITAT

JULY 1969

The opinions and assertions contained in this report are solely those of the author (s) and should not be taken
as an official or inferred official opinion of the Naval Oceanographic Office, Department of the Navy
Department of Defense, or United States Government.

This document has been approved for public
release and sale; its distribution is unlimited.

NAVAL OCEANOGRAPHIC OFFICE
WASHINGTON, D. C. 20390



3

MGGUS 005004

INFORMAL REPORT

The Informal Report (IR) as produced at the Naval Oceanographic Office
is a means for personnel to issue timely scientific and technical preliminary
reports of their investigations. These are primarily informal documents
used to report preliminary findings or useful byproducts of investigations
and work to members of the scientific and industrial communities.

Informal Reports are assigned sequential numbers for each calendar year;
the digits preceding the dash indicate the year.

The distribution made of this report is determined primarily by the author.
Information concerning obtaining additional copies or being placed on a
distribution list for all future Informal Reports in a given area of interest
or specialty field, should be obtained from:

Distribution Control Department
Code 4420

Naval Oceanographic Office
Washington, D.C. 20390



MC309005004
ABSTRACT

A preliminary investigation of the surficial sediments at the SEALAB Il
Test Site shows the textural, compositional, and engineering properties to be
uniform in both makeup and distribution. Sands and silty sands are the dominant
textural grade. Mean diameters range from 0.09 to 0.25 mm. Carbonate con-
tent ranges from 55 to 78 percent. The carbonate is in the form of biogenic
calcite. Detrital silicates (feldspars, quartz, illite, and chlorite) and minor
amounts of organic matter are the remaining constituents present. Wet unit
weights and water contents (percent dry weight) on individual samples range
from 1.56 t0 1.71 g/ cm3 and from 45 to 77 percent, respectively.

Direct shear tests were performed on a prepared sediment sample to
determine the range of angles of internal friction. These tests yielded friction
angles ranging from plmi =39° to y{mox = 47°. Because the measured dry
unit weight in the shear Box was greater than the computed value from volume,
weight, and water~content measurements on cores, a minimum friction angle of
Bmin = 29° was determined by extrapolation. This latter value was used in the
example for determining the ultimate bearing capacity of the sediment.
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INTRODUCTION

The U. S. Navy's SEALAB 1l program represents an interdisciplinary
effort to determine the ability of man to perform useful work on the ocean
floor. Tasks of Navy divers and civilian scientists includes work in the
following problem areas: studies in diving physiology; evaluation of diving
equipment; experiments in salvage and construction techniques; and research
in biological, physical, and geological oceanography.

Prior to the placement of SEALAB Il on the ocean floor, an investiga-
tion was conducted in the proposed habitat area -- from Wilson's Cove, San
Clemente Island, seaward to a depth of about 125 fathoms -~ for the purpose
of making a preliminary study of the sediments on the basis of selected textural,
compositional, and engineering properties. Presented herein are the results of
the choratory testing program for: grain size, carbonate content, water content,
wet unit weight, and specific gravity of solids. Results of direct shear tests and
X-ray diffraction measurements made on selected samples are included in this
report. Currents measured in the habitat area will be discussed in a future
report.

SETTING

San Clemente Island is the most southern of a group of islands known as
the Channel Islands, which are located off the coast of Southern California
(Figure 1). The island is about 40 miles south of Santa Catalina Island and
approximately 80 miles slightly north of west from San Diego. The center of
the island is located at about 32°55'N latitude and 118°30'W longitude.

Previous investigations of the geology of San Clemente have been
reported by Smith (1898). More recently, a geologic reconnaissance was
performed by Olmsted (1958). Information pertaining to the geology and
oceanography of the general area is also available in a book by Emery (1960).

Olmsted (1958) reports that the island is a gently arched and faulted
block composed mainly of volcanic rocks of probably Miocene age. Marine
sedimentary rocks and unconsolidated sediments, which range in age from
Miocene to Recent, are also present on the island. The volcanic rocks are
primarily lava flows and associated pyroclastics. These rocks are mainly
andesitic, but range in composition from andesite or basaltic andesite to
rhyodacite or rhyolite. The marine sedimentary rocks of probable Miocene
age overlie or are interbedded with the upper part of the volcanic sequence.
They are predominantly thin-bedded siltstones, shales, diatomites, limestones,
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and basal sandstones composed of volcanic detritus. Olmsted (1958) defines
three Quaternary deposits on the island: "older sand deposits" of Pleistocene
age, "younger sand deposits” of Recent age, and "alluvial-fan deposits" .
Deposits of Pleistocene age are composed of sand with interbedded silts and
clays all of which are weathered and are locally cemented with calcium
carbonate. The younger sand deposits are well-sorted, loose windblown sand.
The alluvial=fan deposits are ill=sorted masses of gravel, sand, and silt. The
marine sedimentary rocks are the dominant sedimentary material in the vicinity
of Wilson's Cove.

FIELD WORK

A construction barge (CB-2) and a torpedo recovery boat (TRB-12) were
used as platforms for collecting sediment samples for this investigation. Sample
positions were determined by triangulation from two towers on San Clemente
Island (Table 1) and are plotted on a bathymetric chart (Figure 2) provided by
the Naval Ordnance Test Station, Pasadena, California.

Initial coring work was performed with a Hydroplastic corer (Richards
and Keller, 1961). Because of the lack of penetration with this corer, a
modified Kullenberg gravity corer was used for all subsequent coring work. A
Shipek sampler was used for obtaining grab samples. All sediment samples were
collected in accordance with standard oc-:anographic procedures (U. S. Navy
Hydrographic Office, 1935).

LABORATORY WORK

Water content (percent dry weight), w, and wet unit weight, Yms were
performed at San Clemente Island to reduce sample disturbance and desiccation
(Richards, 1961). The original work plan was to include laboratory vane shear
tests, but this plan was changed because the materials obtained were predominatly
cohesionless sediments. The principal strength parameter for cohesionless sediments
is the angle of internal friction, § , which is not defined by the vane shear test.
For this reason, direct shear tests were added fo the testing schedule (Lambe, 1951).

Textural, compositional, and shear strength analyses were performed at
the U. S. Naval Oceanographic Office. Definitions of textural and compositional
terms not in the text of this report may be found in the sediment size computer
program developed by Rucker and Stewart (1966). Terminology concerning
engineering properties (or mass properties) may be found in reports by Stiles (1967)
and Kessler and Stiles (1968). Sediment data in this report, unless otherwise
stated, represents the interval from 0 to 10 centimeters beneath the water-
sediment interface.
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CORE SAMPLES OBTAINED 20 JUNE 1967
NO RECOVERY
GRAB SAMPLES OBTAITED 21 JUNE 1967

cCenom

P 2X9 500 Ty IO RECOVERY -
COORDINATES SHOWN ARE BASED DM THE USC

8 G5 CALIFCRMIA COORDINATE S¥STEM (LAMBERT)
ZONE IV, LAMBERT AND GEOGRAPHIC COORDIN-
ATES ARE SHOWN IN TABLE 1. THE HYDROGRAPHIC
SURVEY WAS PERFORMED BETWEEN NOVEMBER
THROUGH DECEMBER 1966 AND MARCH THROUGH
MAY 1967 BY THE U. 5. NAVAL ORDNANCE TEST
STATION, PASADENA, CALIFGRNIA .
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FIGURE 2. SEALAB Ill SITE BATHYMETRY, SAN CLEMENTE ISLAND TEST RANGE
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Grain-size analyses were performed according to standard procedures
outlined by Krumbein and Pettijohn (1938). Representative specimens were wet
sieved with a dilute sodium hexametaphosphate solution through a 0.062 mm
sieve. The fraction retained on the sieve was then ovendried and resieved
through a nested set of sieves with meshes ranging from 2.00 mm to 0.062 mm.
The fine fraction was pipetted at Wentworth (1922) size intervals.

Carbonate content was determined by treating the sample with dilute
hydrochloric acid, filtering the solution, washing and drying the residue, and
computing the percent insoluble residue (Twenhofel and Tyler, 1941).

Standard X-ray diffraction techniques were used to determine the mineral
content. Organic matter was determined by computing the percent insoluble
residue after leaching the sediment with a concentrated hydrogen peroxide
solution.

Direct shear, specific gravity of solids, and dry unit weight measurements
were made on a prepared sample consisting of combined, air dried, and split
portions of grab samples 20, 21, and 25. To determine the range of angles of
internal friction for this prepared sediment sample, direct shear tests were performed
at maximum and minimum dry unit weights. Maximum dry unit weight was attained
by tamping and vibrating the sediment in the shear box prior to shear. Minimum
values were attempted by slowly pouring the loose sediment through a funnel info
the shear box prior to shear. Angles of internal friction were determined from the
normal load (normal stress) and the maximum (peak) shear stress values (Figure 3).
The rate of shear displacement for all tests was 0.05 in/min.

RESULTS

Textural as well as compositional and engineering properties are for the
most part uniform in the study area (Table 11). The surficial sediments or the
interval between 0 and 10 centimeters beneath the water-sediment interface
are sands and silty sands based upon the classification system of Shepard (1954),
Except for Sample 11, 67 percent or more of each sample was retained on the
0.062 mm sieve. Mean diameters range from 0.09 mm (Sample 10) to 0.25 mm
(Sample 9) with 77 percent of the samples falling between 0.09 and 0.12 mm.
Although only one rock (cobble-size) was recovered during the sampling opera-
tion, large numbers of cobble- to boulder-size rocks along the shoreline suggest
that the study area may contain numerous cobble- to boulder-size rocks. Poor
core recovery may be partly due to scattered rock debris.

Standard deviations, which are a measure of sorting, range from 2.07 phi
(Sample 20) to 2,74 phi (Samples 11 and 25). Except for Sample 11 in the
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southeastern portion of the area, standard deviations (2.35 to 2.74) are slightly
greater to the north. Values in the southern half of the area range from 2.07 to
2.21 phi. Low values of standard deviation indicate greater sorting of the
sediments into single or fewer grade sizes. The sorting action is most likely
caused by bottom currents. An examination of the bottom current data from the
area shows that although the magnitude is small (about 0.1 knot) and the direc-
tion is variable, northwest currents tend to predominate.

Carbonate measurements show little areal variation (Table I1). Values
range from 55 percent (Sample 11) to 78 percent (Sample 25). Results of X-ray
diffraction measurements (Sample 8, 53-60 cm) are shown in Table I1l. These
measurements plus a microscopic examination show that the carbonate is mainly
in the form of biogenic calcite. Detrital silicates (feldspars, quartz, illite,
and chlorite) and organics make up the secondary constituents.

TABLE 111
SEDIMENT COMPOSITION

Sample Fraction Acid Soluble Acid Insoluble
Carbonate Detrital Silicate?/ Organics/

Microns % % %
>37 80 10 10
<37 30 65 5

1/ Biogenic calcite
2/ Feldspars, quartz, and minor amounts of clay minerals (chlorite and illite)
3/ Oxidized by concentrated hydrogen peroxide

Average wet unit weight, dry unit weight, and water-content values show
little change throughout the study area. Values presented in Table Il are single
measurements (grab samples) or average measurements on cores 1 to 2 feet in
length, Wet unit weights range from 1.56 g/cm3 (Sample 6) to 1,71 g/cm3
(Sample 12). Water-content values on these same cores range from 52 to 77
percent, respectively. These values corre?ond to computed dry unit weights
of 0.97 g/cm® (Sample 12) and 1.03 g/cm® (Sample 6).

Direct shear tests were made with the aim of determining the range of
the angles of internal friction, &, for the prepared sediment sample previously
discussed. Initial dry unit weights as determined in the shear box range from
1.11 g/cm3 (Test B) to 1.24 g/cm3 (Test E), as shown in Figure 3. Dry unit
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weights as computed from volume, welgh'r and water-content mecsuremenfs on
the core samples range from 0,97 g/cm (Sample 12) to 1.14 g/cm3 (Sample 1).
Because the dry unit weight determined from Sample 12 was lower than the value
determined from the prepared shear box sample, the minimum angle of internal
friction (@qin = 29°) was obtained by extrapolation (Figure 4). The maximum
angle of internal friction (Fpmgx = 47°) corresponds to the largest measured dry
unit weight from the shear box (Test E). Strength envelopes for the maximum
and minimum friction angles from the direct shear tests, and the extrapolated
minimum friction angle are shown in Figure 5.

CONCLUSIONS

A preliminary investigation of the surficial sediments at the SEALAB 111
habitat site shows the textural, compositional, and engineering properties to be
uniform in both makeup and distribution. Sands and silty sands are the dominant
textural grade. Mean diameters range from 0.09 to 0.25 mm. Carbonate content
ranges from 55 to 78 percent. The carbonate is in the form of biogenic calcite.
Detrital silicates (feldspars, quartz, illite, and chlorite) and minor amounts of
organic matter are the remaining constituents present. Wet unit weights and
water confenfs (percent dry weight) on individual samples range from 1.56 to
1.71 g/cm3 and from 45 to 77 percent, respectively,

Direct shear tests were performed on a prepared sediment sample to
determine the range of angles of internal friction. These tests yielded friction
angles ranging from gmin = 39° to Fmax = 47°. Because the measured dry unit
weight in the shear box was greater than the computed value from volume,
weight, and water-content measurements on cores, a minimum friction angle of
Brin = 29° was determined by extrapolation. This latter value was used in the
example for determining the ultimate bearing capacity of the sediment.

The above direct shear results on the prepared sediment sample are not
sufficient for an overall engineering foundation analysis of the SEALAB II!
habitat site. However, because some indication of the bearing capacity of the
sediments may be helpful for future engineering work, an example is presented
in the Appendix showing the steps and calculations involved with one method for
determining the ultimate bearing capacity of terrestrial soils.

10
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APPENDIX A
EXAMPLE OF A BEARING CAPACITY CALCULATION

Using the minimum-measured in-place dry unit weight (vyg) of 0.97
g/cm3, the unit weight of water ( ¥ ) equal to 1,00 g/cm?, and a specific
gravity (G;) of 2.68, a void ratio (e) may be calculated,

_ Gs Yw
e = 3 -1 m
e = 1,76

Assuming that the sediment mass is completely saturated and is therefore
in a buoyant state, the buoyant unit weight ( 7)) is,

Ge-1
'Yb =——]§—-ﬁ_ ‘yw (2)

Y, = 0.61 g/cm3

Assume that the clump or foundation resting on the bottom has a square
configuration of width equal to 5 meters. Now, entering Figure 4 with a dry
unit weight of 0.97 g/cm3, an angle of internal friction () of 29° is determined.

The equation for ultimate bearing capacity of a square footing, failing in
local shear will be used for this example (Terzaghi and Peck, 1967). The general
equation for the above conditions is,

gy = 1.2(2c/3) Ng + YDfNg + 0.47vBN; >(3)
where
q,, = ultimate bearing capacity, g/cm?
B = width of clump or foundation, cm
¢ = cohesion, g/cm?2

Y = unit weight of sediment, g/cm3

O
-
i

depth of embedment, cm

Z

f‘

Z

(2-

Z

_Q—
|

= bearing capacity factors for local shear

A-1

19)
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The cohesion and depth of embedment are assumed to be zero and equation (3)
reduces to,

qy = 0.4(vBN}) (4)

With & = 29°, enter the chart on page 222 in Terzaghi and Peck (1967)
and observe that N5y = 5.0. Therefore,

q, = 0.4(0.61 g/cm3) (500 cm) (5.0)

610 g/cm? = 0.610 kg/cm?

Assume that a factor of safety equal to 1.5 will be adequate. Therefore,

9y = —Fc-'.“s-. (5)
; 0.610
9 =715 = 0.407 kg/cm2

If the applied load is less than 0,407 kg/cm2, the sediment will not
fail in shear. The above calculations do not consider (1) that any vibration of
the sediment mass may cause the sediment to flow, which would result in failure,
or (2) the tendency of sands to arch when a load is applied, which would result
in the mass supporting a larger load.
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EXPLAJATIOL OF CO PUTER DATA SHERT

SEDI:ENT SIZE AND CO'‘POSITION

Results of sediment-~size and comoosition core analysis performea
by the U. S. Naval Oceanographic Office Geological Laboratory are
tabulated on Computer Data Sheet Sedimeut Size and Composition.

The following is an explanation of the terms employed on the
Computer Data Sheet®

1. CRUISE. A number assigned to each cruise for identification
purposes.

2. SAMPLE. A consecutive number applied to each core taken succes-
sively throughout the cruise.

3. LATITUDE. Expressed in Jegrees, minutes, and tenth of minutes.
4. LONGITUDE. Expressed in degrees, minutes, and tenths of minutes.
5. TAKEN., Date in day, month, end year that core was taken.

6. CORER TYPE. Wumber corresponding to sampling device code below.

1. Hydroplastic piston 6. Orange Peel
2. Hydroplastic gravity 7. Ewing

3. Kullenberg piston 8. Vibrocorer
4, Kullenberg gravity 9. Dredge

5. Phleger gravity 0. Other

7. LENGTH. Length of core recorded in centimeters as observed in the
laboratory.

8. PENETRATION. Penetration of coring device recorded in centimeters
as observed in the field.

9. DEPTH. The uncorrected sonic sounding recorded in meters.

10. ANALYZED. Date in day, month, and year that the core was analyzed
in the laboratory.

11. 1ID. NO. Three disit laboratory project number followved by ¢omsecu-
tive number assigned to each subsample analyzed.

12. INTERVAL. Interval of subsample as measured in centimeters from
the top of the core.

13. Mi. Particle diameter size intervals based on Wentworth size
grades in millimeters.

14. PER. Percent of total sample weight within the given size interval.
Smallest size analyzed is 0.0010 mm. Percent recorded for 0.0000- is




3

3,
P
.

e3> 005004
percentage of particles smaller than 0.C210 mm.

15. GRAVEL, SAND, SILT, CLAY. Percent of total sample welght within
the four size classes.

Class ranges are: Gravel - coarser than 2mm

Sand -~ 2 to 0.0625 mm
Silt - 0.0625 to 90039 mm
Clay - finer than 0.0039 mm

16, LEAN (M4). The geometric mean of the distribution expressed in
millimeters.

17. MEAN (PHI). The logarithmic mean of the distribution expressed
in phi units (—log2 of the diameter in millimeters).

18. STAN DEV. Standard deviation. A measure of the degree of spread
or dispersion of the distribution about the mean expressed in phi units.

s= . T E(X, - x52/100

19. SKEWHESS. A measure of the asymmetry of the distribution.
Positive values denote skewness of the distribution toward the fine
particles, negative values denote skewness toward the coarse particles.
A normal distribution has a skewness of 3.

SKEWNESS = 1/100 257> (X, - X3

20. KURTOSIS. A measure of the peakedness of the distributionm.
Positive values denote a 'leptokurtic distribution, or a distribution
more ‘peaked’ than normal. Negative values denote a “platykurtic
distribution, or a distribution more flat" than normal. A normal
curve has a kurtosis of O.

KURTOSIS = 1/100 s-4 ¥ f(x4 - X)%4-3
21. gAgO3. Percent calcium carbonate of the total sample weight as

determinel by the insoluble residue method.

22. ORG CARBON. Percent organic carbon of the total sample weight
as determined by the Allison method.

23. COLOR. Wet sediment color, based on the Geological Society of
America Rock~Color Chart, as determined in the laboratory.

24. DO ININERAL. Dominant mineral (s) comprising the sample assemblage.

25. SEC IMINERAL. Secondary mineral (s) comprising the sample assemblage.
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